Antibody to scrapie-associated fibril (SAF) protein was produced in a rabbit by a primary injection of 50 brain equivalents of native SAF protein emulsified in complete Freund's adjuvant and by a secondary inoculation of polyacrylamide gel which contained 50 brain equivalents of SAF protein emulsified with incomplete Freund's adjuvant. The antibody produced was found to decorate the SAF as demonstrated by the use of goat anti-rabbit colloidal gold second antibody. Immunoblots (dot blots and Western blots) revealed that the antibody reacted with scrapie hamster brain extracts but not with age-matched normal hamster brain extracts. However, the antibody also identified an immunoreactive host cellular protein with an apparent mol. wt. of 28 000 from unextracted brain homogenates of both uninfected and scrapie-infected hamster and mouse brains up to a dilution of 1/105 brain equivalent. The SAF purification procedures caused selective enrichment of SAF proteins with selective elimination of this immunoreactive cellular antigen. It may be possible that SAFs are composed of a host cellular protein which has been changed in such a way that it aggregates noncovalently to form fibrils and becomes partially resistant to protease digestion.
INTRODUCTION
The scrapie agent causes a slow degenerative neurological disease of sheep and goats (Hadlow et al., 1979) and it is similar to the transmissible agents causing certain devastating dementias of humans such as kuru, Creutzfeldt-Jakob disease (CJD) and Gerstmann-Straussler syndrome (Gajdusek, 1977; Masters et al., 1981) . It is known that a protein component is essential for the maintenance of scrapie infectivity (Cho, 1980 (Cho, , 1983 Prusiner et al., 1981; Lax et al., 1983) . Several studies have demonstrated that scrapie infectivity is intimately associated with a unique fibril (Diringer et al., 1983b) or rods . These scrapie-associated fibrils (SAFs) were first described by Merz et al. in 1981 and appear to be morphologically and histochemically identical to amyloid DeArmond et al., 1985) . The SAF or prion rods are composed of a major protein with a mol. wt. of 26 000 to 30 000 Diringer et al., 1983b) which is a sialoglycoprotein (Bolton et al., 1985) . This protein has been designated as either SAF protein (Hiimert & Diringer, 1984) or PrP 27-30 and it has been claimed that this is the structural component of the prion McKinley et al., 1983) or that this protein by itself is the aetiological agent of scrapie (Prusiner, 1982; Prusiner et al., 1983) . Scrapie agent has many properties similar to those of a virus (Rohwer, 1984) and different strains of the agent do exist (Dickinson & Fraser, 1977) . Two-dimensional fingerprint analysis revealed that scrapie-infected hamster brain contained oligonucleotides that were not present in RNAs isolated from healthy hamsters (German et al., 1985) . Dees et aL (1985a) suggested that the target of u.v. radiation for the inactivation of scrapie infectivity in the presence of chlorpromazine is an essential nucleic acid which is protected by close association with cellular components (Kimberlin, 1982; Latarjet, 1979; Dees et al., 1985b) .
0000-6814
Antibodies to the SAF protein have been produced in rabbits (Bendheim et al., 1984; Diringer et al., 1984; Manuelidis et al., 1985) . Serological studies revealed that these antibodies react not only with the amyloid plaques and amyloid filaments of scrapie-infected hamster brains (Bendheim et al., 1984; DeArmond et al., 1985) but also with proteins purified from the brains of CJD-infected mice and patients (Bockman et al., 1985; Bendheim et al., 1985) .
This report describes the production of an antibody to the SAF protein purified from scrapieinfected hamster brains. With this antibody a protein with an apparent mol. wt. of 28000 was identified from both scrapie-infected and uninfected hamster and mouse brains, suggesting that SAF is composed of a host cellular protein which has been changed (Uy & Wold, 1977) in such a way that it aggregates to form fibrils and becomes relatively resistant to protease digestion.
METHODS
Scrapie agent, scrapie-inJected and control hamster brains. A hamster-adapted isolate of the scrapie agent was generously provided by Dr R. F. Marsh . The isolate was passaged three times in LVG/LAK random bred hamsters (Charles River Breeding Laboratories). For the propagation of the scrapie agent, weanling golden Syrian hamsters (HOR F1 strain; High Oak Ranch, Ontario, Canada) were inoculated intracerebrally with 50 ~tl of a 10-1 dilution of third passage scrapie hamster brains. After 68 to 75 days post-inoculation, the hamsters were killed under CO2 anaesthesia and the brains were collected. Uninoculated control hamster brains were also collected at the age of 90 to 94 days. The brains were kept at -80°C until use.
Purification of SAF. For the electron microscopy (EM) studies, 'P215s' (a semi-purified 215 000 g pellet) was prepared from the brains of scrapie-infected and uninfected hamsters according to procedures described previously (Diringer et al., 1983a) with the exception that instead of sonication, a glass homogenizer was used to resuspend the various pellets. Samples of P215s were centrifuged on a 5 to 20~ linear sucrose gradient containing 0.t~ sulphobetaine 3-14 at 35000 r.p.m, for 6 h at 4°C with a SW40 rotor. The pellets thus obtained were resuspended in 0.01 M-Tris-HCI pH 7.4 and kept at -80 °C until used for EM.
The SAF protein antigen used for antibody production and in various immunoblots was derived by a rapid and efficient method of SAF protein enrichment described by Hilmert & Diringer (1984) .
Polyacrylamide gel electrophoresis (SDS-PAGE) . SAF, control brain extracts and other samples were resuspended in a treatment buffer (62.5 mM-Tris-HC1 pH 6.8, 2~ SDS, 5 ~ 2-mercaptoethanol, 10~ glycerol) and boiled at 100°C for 5 to 15 rain. Protein separation was accomplished by electrophoresis through 15~ polyacrylamide gels (15 ~ T, 2.7 ~ C) as described by Laemmli (1970) . After electrophoresis, the gels were either stained with Coomassie Brilliant Blue or the proteins were transferred to nitrocellulose membranes by overnight electrophoresis in a Trans-Blot apparatus (Bio-Rad) using a transfer buffer containing 192 mM-glycine, 20 ~ (v/v) methanol adjusted to pH 7.8 to 8.3 with Tris. Occasionally, nitrocellulose membranes were placed on both sides of the gel to detect both cathodaUy and anodally migrating proteins.
Production of antiserum to SAFprotein. Fifty brain equivalents of native SAF (0.5 ml) was emulsified in an equal volume of complete Freund's adjuvant and injected into surgically exposed bilateral popliteal lymph nodes and subcutaneous sites. For the booster inoculation, 50 brain equivalents of SAF protein were separated by SDS-PAGE. The gel region (2.5 ml) containing the SAF protein was excised and emulsified in incomplete Freund's adjuvant (2.5 ml). This mixture was then inoculated subcutaneously at 17 sites 56 days after primary inoculation. One brain equivalent (Hilmert & Diringer, 1984) represents the total volume extracted from 1 g of scrapie-infected or control hamster brain. The rabbit was bled 1 day before and 56 days after the primary inoculation followed by a series of bleedings at 23 days after the booster inoculation and thereafter at 7 to 15 day intervals.
Electron microscopy. Samples of sucrose gradient-purified P215s from scrapie-infected and control brains were mounted on carbon-coated Formvar membrane grids, and negatively stained with 3~ potassium phosphotungstate at pH 7-2 (PTA). For immunoelectron microscopy (IEM), colloidal gold conjugates (Romano & Romano, 1977) were utilized. The SAF-mounted grids were treated in the following sequence at room temperature: (i) HEPES--MEM (brief wash); (ii) blocking solution consisting of 1 ~ bovine serum albumin in HEPES-MEM (15 min); (iii) 1:250 dilutions of either antiserum to SAF protein or preimmune rabbit serum diluted in the blocking solution (3 h); (iv) wash in blocking solution (15 min); (v) 10 nm colloidal gold-conjugated goat anti-rabbit immunoglobulin or 10 nm colloidal gold-conjugated Protein A for 1 h (Janssen Life Sciences Products, Beerse, Belgium); (vi) wash with blocking solution (15 min) followed by a brief wash with phosphate-buffered saline (PBS) pH 7.4 and staining with 3~ PTA. The EM specimens were examined with a Hitachi 500 electron microscope.
Immunoblot analyses. Dot blot (Hawkes et al., 1982) and Western blot (Towbin et al., 1979) analyses were performed to detect proteins on nitrocellulose. Samples were denatured by boiling for 15 min with a treatment buffer (62.5 mM-Tris-HC1 pH 6-8, 2~ SDS, 5~ 2-mercaptoethanol). Dilutions of purified native or denatured SAF protein or control samples in 20 ~tl of TBS (20 mM-Tris-HC1, 500 mM-NaC1 pH 7.5) were immobilized onto pre-equilibrated nitrocellulose membranes using a Bio-Dot microfiltration apparatus (Bio-Rad). All reactions were performed at room temperature. The blots were then blocked and allowed to react with antibody using a modification of standard procedures. Briefly, blots were exposed to 'BLOTTO' solution (Johnson & Elder, 1983) which contained 5 % non-fat dry milk in PBS (pH 7.4) and 0.001% merthiolate. The blots were allowed to block for 5 to 16 h, then incubated with rabbit antiserum to SAF protein or preimmune serum in the presence of BLOTTO for 16 h. The blots were then washed three times in BLOTTO (1 h) and incubated (2 h) with a 1 : 1000 dilution of horseradish peroxidase-conjugated goat anti-rabbit IgG (Bio-Rad) in BLOTTO. They were then washed extensively as above, rinsed in TBS and colour was developed with 4-chloro-l-naphthol for 20 rain, after which they were washed in distilled water and air-dried. Electroblots were first exposed to the transfer buffer (6 to 8 h) before further treatment as described above. Fig. 1 shows SDS-PAGE profiles of SAF extraction at various stages. Lanes 4 and 5 represent the final extracts (0.5 brain equivalent each) from the scrapie-infected hamster brains and agematched uninoculated control hamster brains. A single protein band with a microheterogeneous electrophoretic mobility and with an apparent mol. wt. of 27000 to 30000 (SAF protein) was detected in the scrapie brain extracts but not from control brain extracts. By comparison with dilutions of Pharmacia protein markers (tool. wt. 14400 to 94000) as measured by Coomassie Brilliant Blue staining intensities, approximately 10 ~tg of SAF protein per scrapie-infected hamster brain was extracted. Fig. 2(a) shows the negatively stained fibrils of sucrose gradient-purified P215s from scrapieinfected hamster brains. The features of these fibrils were similar to those described by others (Merz et al., 1981 ; Diringer et al., 1983b) . The fibrils appeared as short rods made up mainly of two helically twisted filaments each of 4 to 6 nm diameter yielding a 10 to 14 nm diameter fibre. Measurements of 350 SAFs showed an average length of 150 nm (range 30 to 590 nm). These fibrils were not observed in age-matched uninoculated control hamster brain extracts.
RESULTS

Purification of SAF protein
Negative staining EM and IEM
In both control and scrapie-infected hamster brain extracts, a few bundles of filaments which consisted of various numbers of two helically twisted filaments, each of 3 to 5 nm diameter, were consistently observed (Fig. 2b) . These bundles were 20 to 100 nm wide and of various lengths (1 to 3 ~tm).
When SAFs were further purified by a procedure similar to that described by Hilmert & Diringer (1984) almost all SAFs were clumped and fine structure of the fibrils could not be observed. Fig. 3(a, b) shows the reactions between SAF and antiserum to SAF protein or preimmune serum. Antiserum to SAF protein (1:250 dilution and further dilutions) bound to SAF as evidenced by the decoration of the fibrils with goat anti-rabbit immunoglobulin conjugated with colloidal gold (Fig. 3a) whereas preimmune serum (1:250) did not react with the SAF (Fig. 3b) . Protein A conjugated with colloidal gold also decorated antibody reacted with SAFs but to a lesser extent (data not shown). Others have also demonstrated the colloidal gold second antibody decoration of primary antibody-treated rods (DeArmond et al., 1985) . The bundles of filaments observed in both control and scrapie hamster brain extracts did not react with the antiserum (Fig. 3c) . (Hilmert & Diringer, 1984) were homogenized with a glass homogenizer using 10% NaCI, 1~ Sarkosyl and stirred with a magnetic stirrer for 3 h at room temperature and further purified. protein and the antiserum than the native protein. It may be possible that by denaturation, hidden antigenic determinants were exposed and reacted with the antibodies. Also, by immunizing with the denatured S A F protein, antibodies against hidden antigenic determinants could have been produced in the rabbit. Titration of denatured SAF protein revealed that the antigen could be detected up to a SAF protein dilution of 1/4000 brain equivalent (data not shown). Antigenic reactivity was also increased when the SAFs were denatured by treatment with 0.1 M-NaOH at room temperature for 30 rain and subsequently neutralized with 0.1 M-HC1 (data not shown). Table 1 shows titration of antibody to SAF protein. Preimmune serum at a 1 : 100 or higher dilution did not react with denatured SAF protein. At 56 days after the first immunization with 50 brain equivalent native SAF protein, the antibody titre reached 1:1000 and at 23 and 77 days after the second immunization the antiserum could be diluted 1:4000 while immunoreactivity was detected with the denatured SAF protein. Fig. 5(a, b) shows the Western blot analysis of the antiserum to SAF protein. SAF protein migrated both cathodally and anodally in the transfer buffer. Fig. 5(b) shows the reaction of cathodally migrating protein on a nitrocellulose membrane with a 1 : 500 dilution of antiserum collected 23 days after the second immunization. The antiserum reacted only with proteins from two different preparations of scrapie hamster brain extract, but did not react with proteins from uninfected control hamster brain extracts, nor with marker proteins. The major proteins detected had tool. wt. of 27000 to 32000 and 23 500 to 25 500 in both SAF protein preparations. Other proteins ofmol, wt. 19000, 17000, 12500, 10500 as well as one higher mol. wt. protein of 48000 to 52000 were also observed from one preparation (Fig. 5b, lane 3) . The anode side membrane also showed a similar pattern (data not shown). These several proteins thus share antigenic determinants and migrate bidirectionally. The higher tool. 52000) may represent a precursor of the 26000 to 30000 proteins or an oligomer of lower molecular weight proteins. Similar immunoreactive protein patterns were observed previously with hamster scrapie brain extracts and mouse CJD brain extracts (Bendheim et al., 1984 Bockman et al., 1985) . SAF proteins appeared to be transferred inefficiently by electrophoresis. After 18 h electrotransfer (110 mA, 30 V), SAF protein (mol. wt. 27000 to 30000) could still be detected in the gel by Coomassie Brilliant Blue staining (Fig. 5a ). Fig. 6 shows Western blot analysis of 5 ~ unextracted brain suspensions in PBS from normal and scrapie-infected hamster brain and from normal mouse brain. Samples for lanes 3 to 5 contained 60 ~tl of denatured brain suspension (1/333 brain equivalent). The anode side of the nitrocellulose membrane was reacted with a 1:1000 dilution of antiserum to SAF protein collected at 23 days after the second immunization. Only one protein band, with an apparent mol. wt. of 28 000, was detected from all three brain suspensions. Scrapie-infected mouse brain homogenates also showed this protein (data not shown). No immunoreactive proteins were detected from the cathode side of the nitrocellulose membrane. The concentration of this immunoreactive protein seemed similar in all three brain homogenates. The Coomassie Bluestained polyacrylamide gels, which were subjected to electrophoresis with the above-mentioned brain suspensions, revealed numerous protein bands but no discernible qualitative differences could be seen among these 5~ brain suspensions (data not shown). In this study, an immunoreactive 33000 to 35000 mol. wt. protein (Oesch et al., 1985) was not found in either infected or normal brain homogenates. By dot blot and Western blot analyses, the antiserum could detect this 28000 mol. wt. cellular antigen at a brain protein level of 1 ~tg (1/105 brain equivalent) and 16 ~tg (1/6400 brain equivalent), respectively, from both scrapie-infected and age-matched control hamster brains; this immunoreactive protein did not appear to be increased by the scrapie infection. 
Immunoreactivity of antibodies to SAF protein
DISCUSSION
In the present study, it was found that the SAF protein migrates both cathodally and anodally in the transfer buffer. This is not surprising, considering that PrP is a sialoglycoprotein which has eight or more discretely charged isomers with isoelectric points ranging from approximately 4.6 to 7.9 (Bolton et al., 1985) . The antibody produced against the SAF protein not only reacted with the SAF protein but also with a cellular antigen having an apparent tool. wt. of 28 000. The concentration of the immunoreactive cellular protein appeared to be similar in scrapie-infected and control hamster brains. The antibody to SAF protein showed immunoreactivity with up to a 1/4000 brain equivalent dilution of the SAF preparation and 1/10 ~ brain equivalent dilutions of unextracted scrapie-infected and age-matched normal hamster brain homogenates. The purification schemes for SAF protein previously utilized Diringer et al., 1983 a, b; Hilmert & Diringer, 1984) caused selective enrichment of SAF protein with selective elimination of the immunoreactive cellular antigen; thus, in immunoblot analyses, SAF protein was detected only in scrapie-infected hamster brain extracts but not in uninoculated control extracts. The relationship between the SAF protein and this immunoreactive cellular protein has to be established using a more specific antibody such as monoclonal antibody against the SAF protein or antibody produced using a synthetic polypeptide constructed according to the published amino acid sequence of PrP Oesch et al., 1985 ; Chesebro et al., 1985) , or with molecular studies using purified cellular protein. Since a cellular gene encodes the SAF protein, and the protein-specific mRNA has been identified in scrapie-infected and uninfected brains (Oesch et al., 1985; Chesebro et al., 1985) a cellular protein which shares antigenic determinants with SAF protein was to be expected.
The biochemical nature of the scrapie agent has yet to be determined. It has been demonstrated that a protein component(s) is required for the maintenance of infectivity (Cho, 1980 (Cho, , 1983 Prusiner et al., 1981; Lax et al., 1983) . Whether the SAFs (or rods) represent a polymeric form of the scrapie agent , or the unique 26000 to 30000 mol. wt. protein is required for scrapie infectivity (McKinley et al., 1983 ) has still to be settled.
Evidence for such a hypothesis is that SAFs are only found in extracts of scrapie-infected animals and not in those of control animals (Merz et al., 1981 (Merz et al., , 1983 Diringer et al., 1983a, b; Prusiner et al., 1983) . Scrapie infectivity, SAFs and SAF protein co-purify Diringer et al., 1983b; Bolton et al., 1984; Hilmert & Diringer, 1984) , and the concentration of this unique protein is directly related to the titre of the scrapie infectivity. Further, the kinetics of proteolytic degradation of this protein and scrapie infectivity are virtually identical .
Evidence against this hypothesis is also increasing. In one study, scrapie infectivity was separated from SAF protein by storing the P215s pellets in a non-denaturing detergent buffer containing 10 ~ N aC1 (Diringer et al., 1983 b) . Higher concentrations of SAF protein were found repeatedly in the top fraction of a sucrose gradient in which fibrils were rare and infectivity was lowest. Non-denaturing detergents and salts were found not to alter scrapie infectivity (Millson et al., 1976) . It is possible that the SAF protein binds with the putative scrapie agent noncovalently, thus aggregating and forming SAF. This would explain why scrapie infectivity appears to be intimately associated with the SAF.
In another study, numerous rod-like structures were found at the bottom (fraction 2) and middle of a sucrose gradient but not at the top (fraction 14). The scrapie infectivity titres of fractions 2 and 14 were similar . Also, in studies on membrane proteins no scrapie-specific proteins were seen in samples containing greater than 109 ID50 of scrapie infectivity (Dees et al., 1985e, Marsh et al., 1984a . Prusiner et al. (1983) have shown that their preparations of purified prions contain about 6 x 101° IDs0 units/rag protein of which PrP accounted for 70 to 85~. After proteinase K digestion, PrP accounted for 90 to 950/o. With 70~ purity, at least 2.3 x l0 s molecules of PrP with mol. wt. 30000 were required per infective unit. Considering that the SAFs are composed of two 4 to 6 nm diameter fibrils, 100 nm of SAF has a mol. wt. of 1.8 × 106 (4 nm diam.) to 4.1 × 106 (6 nm diam.), assuming that the SAF has a density of 1-2 g/cm 3. A SAF of 100 nm long may have 60 to 137 copies of this protein; thus, 1700 to 3800 SAFs of 100 nm length would be required per IDso unit. In other words, a total mass of 6.9 x 109 daltons is required per IDs0 unit. The radiation target size of the agent has been calculated to be approximately 6.5 x 10 ~ to 1.5 × 105 (Alper et al., 1966 (Alper et al., , 1967 Latarjet, 1979) : 100 particles of the radiation target size per infective unit would represent less than 0.1 ~ to 0.2~ of the total mass present in 10000-fold purified scrapie hamster brain extracts.
PrP has been shown to be the product of a cellular gene which has been identified both from scrapie-infected and normal hamster and mouse brains (Oesch et al., 1985; Chesebro et al., 1985) . In the present work a cellular antigen which gave immunoreactivity with antiserum to SAF protein was found in both scrapie-infected and normal hamster and mouse brains. Therefore, the possibility that the SAF and SAF protein are the by-product of scrapie infection has to be seriously considered and the search for the putative scrapie agent and its specific nucleic acid has to be continued.
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